A simple, sensitive, and rapid quantitative LC-MS/MS assay was designed for the simultaneous quantification of free and glycoprotein bound monosaccharides using a multiple reaction monitoring (MRM) approach. This study represents the first example of using LC-MS/MS methods to simultaneously quantify all common glycoprotein monosaccharides, including neutral and acidic monosaccharides. Sialic acids and reduced forms of neutral monosaccharides are efficiently separated using a porous graphitized carbon column. Neutral monosaccharide molecules are detected as their alditol acetate anion adducts [M ϩ CH 3 CO 2 ] Ϫ using electrospray ionization in negative ion MRM mode, while sialic acids are detected as deprotonated ions [M Ϫ H] Ϫ . The new method exhibits very high sensitivity to carbohydrates with limits of detection as low as 1 pg for glucose, galactose, and mannose, and below 10 pg for other monosaccharides. The linearity of the described approach spans over three orders of magnitudes (pg to ng). The method effectively quantified monosaccharides originating from as little as 1 g of fetuin, ribonuclease B, peroxidase, and ␣ 1 -acid glycoprotein human (AGP) with results consistent with literature values and with independent CE-LIF measurements. The method is robust, rapid, and highly sensitive. arbohydrates play vital roles in the control of many key biological processes by acting as reciprocating compounds with proteins in molecular recognition events [1, 2] . Associative interactions between oligosaccharides on glycoproteins and lectins on the surfaces of binding partners can be involved in the initiation steps of many diseases such as influenza, cholera, stomach cancer, and cancer metastasis [3] . An understanding of these initiating binding processes at the molecular level requires the structural determination of oligosaccharides and the quantification of the glycan monosaccharide constituents, which would be essential towards the development of possible cures for many diseases [4, 5] .
C
arbohydrates play vital roles in the control of many key biological processes by acting as reciprocating compounds with proteins in molecular recognition events [1, 2] . Associative interactions between oligosaccharides on glycoproteins and lectins on the surfaces of binding partners can be involved in the initiation steps of many diseases such as influenza, cholera, stomach cancer, and cancer metastasis [3] . An understanding of these initiating binding processes at the molecular level requires the structural determination of oligosaccharides and the quantification of the glycan monosaccharide constituents, which would be essential towards the development of possible cures for many diseases [4, 5] .
Monosaccharides compositional analysis is commonly performed using gas-chromatography [6 -10] , liquid-chromatography [11] [12] [13] , or capillary electrophoresis [14 -21] . GC/MS chromatography with an electron-impact ion source has been the traditional method of choice for the quantification of neutral monosaccharides. GC analysis of the trimethylsilyl ether derivatives of sugars is a well-known procedure [9] , as is the GC separation of sugars as alditol acetates [7] . However, sample preparation for GC is extensive, involving the derivatization of sugars with specialty reagents to render them more volatile [10] . Also, the sensitive chromatographic operating parameters for GC are not well suited for routine analysis. Liquid chromatography analysis of monosaccharides is complicated by the fact that these compounds do not possess a UV chromophore and consequently, laborious derivatization with chromophores or fluorophores is required before UV or fluorescence detection [22] [23] [24] [25] [26] . Neutral sugars have also been analyzed by HPLC using evaporative light-scattering [27] , refractive-index [27, 28] , and pulsed-amperometric detectors [29 -33] . Ionexchange chromatography with pulsed amperometric detection (IC-PAD) is extensively used for the analysis of sugars without derivatization and detection occurs by measurement of the current generated when the carbohydrates are oxidized on a gold electrode. Although the use of an appropriate detection potential makes this a very sensitive technique for sugars (detection limits as low as 20 pg were reported using pulsed amperometric detection), the possibility for co-eluting sugars or other compounds in the matrix exists [34, 35] . Co-eluting compounds could be discovered using mass spectrometry, however, the ion-exchange conditions commonly used to achieve the separations utilize high flow rates and high salt content and are therefore not compatible with simultaneous mass spectrometric analysis [34] . Capillary electrophoresis with laser-induced fluorescence detection (CE-LIF) is a very useful and sensitive method for the analysis of monosaccharides, however, derivatization of the sugar with a fluorophore is also required, and borate is used as a complexing reagent in the separation buffer to prompt the separation of closely related monosaccharides [36, 37] . Although attomole sensitivity has been reported for monosaccharides using CE-LIF, the method is limited by the minute amount of sample that can be introduced into the capillary, thus requiring larger sample concentrations [38, 39] . Additionally, as with other methods requiring derivatization, relatively large amounts of the glycoprotein and the derivatization reagent are required to efficiently perform the derivatization reactions [25, 36] .
Analysis of sugars using LC/MS methods without reverting to derivatization would be an ideal alternative to the methods discussed above, but its application has been hindered by the ionization efficiency of neutral sugars using electrospray. Recently, several mass spectrometric studies on ionization of carbohydrates employing adduct formation between the uncharged sugar and various positive and negative ions have been reported [40 -42] . Different sugars have been quantified by LC/MRM using Na ϩ , Cs ϩ , and NH 4 ϩ in positive ESI mode [43] [44] [45] , and I Ϫ and Cl Ϫ in negative ion mode [46 -49] . Most of these adduct formation methods used post-column addition of the ion and did not provide the required sensitivity needed for the analysis of carbohydrates that are commonly present at low abundance [40, 44] . Chloride attachment by the addition of dichloromethane to a mobile phase consisting of 50% methanol provided excellent sensitivity for sorbitol with a detection limit of 5 pg, but the method still suffered from major disadvantages [49] . The high organic mobile phase content used is not very compatible with the hydrophilic sugars, and a switching valve to clean up the source after each run was required. In addition, the method is complicated by the presence of the two chlorine isotopes, thus rendering it incompatible with the direct quantification of M ϩ2 isotopic labeled carbohydrates [47] . Cs ϩ attachment to sugars and detection in the positive LC/MRM mode showed sensitivities comparable to those of the chloride attachment method and did not suffer from the isotopic or postcolumn addition problems that are associated with the chloride adduct [44] . However, the method indirectly monitored the carbohydrate, since the MRM transitions were those of the sugar cesium adduct fragmenting to form Cs ϩ product ions. Also, the method was only applied to a few sugars and might not be sensitive to acidic sugars such as the sialic acids, which are expected to ionize better in the negative ion mode.
None of the LC/MS quantification methods, using ion attachment reported to date on sugars, has addressed the problematic simultaneous separation and quantification of all diastereomeric monosaccharides commonly associated with glycoproteins. This includes glycan structures consisting of the diastereomers glucose, galactose, and mannose; the diastereomers N-acetylglucosamine (GlucNc) and N-acetylgalactosamine (GalNc); fucose; xylose; and the sialic acids N-acetylneuraminic acid (NeuAc) and Nglycolylneuraminic acid (NeuGc). In this study, a simple, sensitive, and rapid LC/MRM method for the quantification of all the common monosaccharides is described. Neutral sugar molecules were detected as their alditol acetate anion adducts using electrospray ionization in negative ion MRM mode. The method described here does not require derivatization or postcolumn addition of ions. Moreover, the method is highly effective in the quantification of monosaccharides in as little as 1 g of glycoprotein. 
Experimental

Reagents and Materials
Acid Hydrolysis and Reduction Procedures
Strong acid hydrolysis using 4 M trifluoroacetic acid (TFA) was used to release neutral and amino monosaccharides from glycoproteins [23] . Although two hydrolyses steps (2 M TFA at 100°C for 4 h for neutral sugars, and 6 h with 4 M HCl at 100°C for amino sugars) are usually used for complete release of neutral and amino sugars without degradation [50] , Fu et al. have studied hydrolysis conditions of intact glycoproteins and have found that 2 h at 121°C with 4 N TFA gave nearly quantitative release of neutral and amino sugars from several glycoproteins [23] . Therefore, the method of Fu et al. was used in this work. Briefly, a 100-L aliquot of 4 M TFA and 5 L of 10 ng/L D-Ribose-2,3,4,5-13 C 4 (internal standard) were added to a 1-g aliquot of each protein. The vials were placed in a sand bath at 100°C for 2 h. The samples were then vacuum dried, dissolved in 50 L water, and dried again. Re-acetylation of amino sugars was performed by adding a 10-L aliquot of 25 mM ammonium carbonate (pH 9.50) and a 5-L aliquot of acetic anhydride and allowing the samples to sit for 1 h at room temperature. The samples were then vacuum dried, dissolved in 50 L water, and dried again. Reduction to the corresponding alditols was performed according to our previously published procedure [51] . Briefly, a 10-L aliquot of a 10 mg/mL aqueous ammonia-borane complex solution was added to each sample, followed by incubation at 60°C in a water bath for 1 h. A 10-L aliquot of 5% acetic acid was added to destroy any remaining ammonia-borane complex, and the samples were vacuum dried. Excess borate was removed as volatile trimethyl borane by the addition of 3 ϫ 100 L of methanol followed by vacuum evaporation. The samples were then dissolved in 100 L of water and transferred to autosampler vials for analysis. Calibration curve solutions at different concentrations of all neutral monosaccharides containing the D-Ribose-2,3,4,5-13 C 4 internal standard were vacuum dried before being subjected to the same strong acid hydrolysis, re-acetylation, and reduction procedure as the proteins.
Mild acid hydrolysis using 0.05 M HCl was used to release the sialic acids from glycoproteins. Briefly, a 100-L aliquot of 0.05 M HCl and a 5-L aliquot of 10 ng/L N-Acetyl-D-neuraminic acid-1,2,3-13 C 3 (internal standard) were added to 1 g of each protein placed in Eppendorf "safe lock" vials. The vial necks were then wrapped with Teflon tape and placed in a sand bath at 80°C for 2 h. Next, the contents of the vials were vacuum dried, dissolved in 100 L of water, and transferred to autosampler vials for analysis. The calibration curves of NeuAc and NeuGc were constructed using different concentrations, all containing a 5-L aliquot of 10 ng/L N-acetyl-D-neuraminic acid-1,2,3-13 C 3 (internal standard). Calibration solutions were vacuum dried before being subjected to the same acid hydrolysis procedure as the proteins.
Preparation of Calibration Curve Standards
A stock solution at a concentration of 10 ng/L NeuAc and 1 ng/L NeuGc, and a stock solution at 10 ng/L N-acetyl-D-neuraminic acid-1,2,3-13 C 3 (internal standard) were prepared. Calibration curve solutions containing all three were prepared by taking a different aliquot of the two analytes' stock solution such that their final concentration in 100 L H 2 O would vary from 100 to 3000 pg/L for NeuAc and 10 to 300 pg/L for NeuGc. Each calibration solution contained a fixed 500 pg/L of the internal standard. Each of the calibration solutions was vacuum-dried, then subjected to mild acid hydrolysis as described above for the proteins, and finally dissolved in 100 L H 2 O before HPLC injection.
A stock solution of 10 ng/L D-Ribose-2,3,4,5-13 C 4 (internal standard), and two stock solutions at 1 and 10 ng/L containing the monosaccharides (glucose, galactose, mannose, fucose, xylose, GlcNc, and GalNc) were used to prepare calibration curve solutions of neutral monosaccharides. A different aliquot was taken from each stock solution such that final concentrations in 100 L H 2 O would vary from 1 to 1000 pg/L for all seven neutral monosaccharides, each containing the internal standard at a fixed concentration of 500 pg/L. Each of the calibration solutions was vacuum dried, then subjected to strong acid hydrolysis, re-acetylation, and reduction as described above for the proteins, and finally dissolved in 100 L H 2 O before HPLC injection.
Liquid Chromatography/Mass Spectrometry Operating Conditions
A Dionex UltiMate 3000 LC system (Dionex Corp., Sunnyvale, CA) consisting of a loading pump, a binary pump, a temperature-controlled autosampler maintained at 5°C, and a column cooling compartment maintained at 7°C was interfaced to the ESI Turbo V ion source of the triple quadrupole 4000 QTRAP instrument (Applied Biosystems/MDS SCIEX, Foster City, CA). Porous graphitic carbon Hypercarb column (50 ϫ 2.1 mm, 3 m particle size, 250 Å pore size; Thermo Electron Corporation, CA) was used for the separation of both neutral and acidic monosaccharides. A Hypercarb guard column (10 ϫ 2.1 mm, 3 m particle size, 250 Å pore size; Thermo Electron Corporation, CA) was placed before the analytical column. The column temperature was maintained at 7°C. Mobile phase A consisted of 100% H 2 O containing 0.01% ammonium acetate, and mobile phase B consisted of 100% acetonitrile. A gradient of 0% to 15% B in 15 min was used at a flow rate of 150 L/min. The injection volume was 20 L.
The mass spectrometer was run in negative ion multiple reaction monitoring (MRM) mode where the rf and dc in both Q1 and Q3 are jumped to transmit different precursor/product ion pairs. The [M Ϫ H] Ϫ precursor ions were used for the sialic acids and their internal standard. For the rest of the analytes, the [M ϩ CH 3 CO 2 ] Ϫ precursor to [M Ϫ H] Ϫ product MRM transitions were chosen, where M corresponds to the mass of the reduced sugar (the molecular mass of the aldose ϩ 2 hydrogens). The Turbo V ion source parameters were common to all analytes in the MRM method: the capillary was operated at Ϫ4500 V, and the source temperature was set to 250°C. The curtain gas (N 2 ) and collision gas (N 2 ) setting was 10 psi, the nebulization gas setting was 40 psi and the vaporization gas setting was 50 psi. The declustering potential (DP), entrance potential (EP), collision cell exit potential (CXP), and collision energy (CE) were optimized for each analyte.
Declustering potential and collision energy values ranged from Ϫ20 to Ϫ48 eV, and from Ϫ10 to Ϫ29 eV, respectively.
Precision, Accuracy, and Recovery
The precision of the method was determined by the replicate analyses (n ϭ 3) of the acid hydrolyzed protein samples as well as the acid treated standard solutions at all calibration concentrations. The linearity of each calibration curve was confirmed by plotting the peak area ratio of the sugar to the internal standard versus sugar concentration. The unknown sample concentrations were calculated from the least-squares regression analysis of the standard curves. The standard curve samples were prepared simultaneously with the protein samples and in an identical manner as described above. The accuracy of the method was expressed as [(mean experimental concentration)/ (theoretical concentration)] ϫ 100.
CE-LIF Monosaccharide Determination
CE-LIF compositional analysis of monosaccharides was performed, using bare fused-silica capillaries and the cathodic electro-osmotic flow. This approach was based on our previously published protocol [52] . The compositional analysis was performed in two steps. The first step involved the analysis of strong acid-hydrolyzed neutral monosaccharide residues, while the second step involved the analysis of weak acid-hydrolyzed sialic acid residues.
Dried model glycoproteins hydrolysates resulting from strong acid or mild acid hydrolysis, prepared as described above, were resuspended in 2 l 0.1 M APTS (prepared in 0.9 M citric acid) and 1 l 1 M sodium cyanoborohydride dissolved in dimethylsulfoxide. This mixture also contained the internal standard (lactose). The mixture was then incubated at 55°C for 2 h. The reaction was stopped by the addition of 197 L of distilled water. The labeled mixture was diluted 50-fold before its CE-LIF analysis which was performed using P/ACE MDQ Capillary Electrophoresis System equipped with 488 nm laser and LIF detector modules (Beckman Coulter, Fullerton, CA).
Results and Discussion
Method Development
Chromatographic separation of monosaccharides and glycans has always been very challenging, due mainly to their highly hydrophilic nature. Koizumi et al. [53] reported for the first time the chromatographic behavior of several mono-and disaccharides and cyclomaltoses on hypercarb, a porous graphitized carbon column (GCC). Carbohydrate retention on GCC appears primarily due to adsorption. The unique selectivity of GCC and their unmatched ability to resolve isomeric and closely related compounds are brought about by the homogeneous adsorptive nature of this material. While monosaccharides are weakly retained on GCC column, anomeric separation of free reducing end monosaccharides and glycans is readily attained. However, this aspect of the separation is not desired in the quantitative analysis of mixtures of monosaccharides, since each free-reducing end monosaccharide appears as two peaks (␣-and ␤-anomers). Free reducing end monosaccharides and glycans are easily reduced using ammoniaborane complex reagent [51] .
All aldose sugars undergo rapid quantitative reduction in the presence of borane to yield their alditol counterparts as shown in eq 1. We have shown previously that the reaction of an aqueous solution of ammonia-borane complex with carbohydrates quantitatively reduces mono-and oligosaccharides irrespective of their nature [51] .
The alditols readily form proton-bound dimers with the acetate anion that is present at very low concentrations (0.01%) in the aqueous mobile phase, and upon collision induced dissociation (CID), the acetate adduct loses an acetic acid molecule, thus yielding a deprotonated alditol anion as shown in eq 2.
The predominant loss of acetic acid upon CID is expected from the thermochemistry of the reaction in eq 2, since the measured gas-phase acidity value, ⌬H acid , of glucose is bracketed to be at least 12 kcal/mol lower than that of acetic acid (⌬H acid (acetic acid) ϭ 348 kcal/mol) [41, 54] . At higher collision energies, fragmentation of the sugar backbone is observed, but monitoring these fragments yields inferior MRM transition intensities than those obtained from monitoring the reaction in eq 2. Therefore, the MRM transitions for the aldose monosaccharides used in this study correspond to the [M ϩ CH 3 CO 2 ]
Ϫ precursor ion yielding the [M Ϫ H] Ϫ product ion, where M corresponds to the mass of alditol sugar (the molecular mass of the aldose ϩ 2 hydrogens). Figure 1 contains a list of the alditols and the sialic acids used in this study for the quantification of the major monosaccharides in glycoproteins, as well as their MRM transitions (CID mass spectra are included in Supplementary Figure 1 , which can be found in the electronic version of this article). In the case of sialic acids, the acetate adduct precursor ion was not chosen, since they readily deprotonate in the gas-phase yielding [M Ϫ H] Ϫ ions. Shown in Figure 2 are the overlaid extracted ion chromatograms of 2 ng of glucose, galactose, mannose, N-acetylglucosamine, and N-acetylgalactosamine following treatment with the ammonia-borane complex. It is clear from the figure that each of these monosaccharides was quantitatively reduced (␣-and ␤-anomeric forms are eliminated) and more importantly, all diastereomers, including the reduced forms of Nacetylglucosamine and N-acetylgalactosamine, are separated from each other with a resolution higher than 1.5, adequate for quantification.
The sensitivity of this acetate attachment method is demonstrated in Figure 3 . A 2-pg aliquot of each of the seven alditols of glucose, galactose, mannose, Nacetylglucosamine, and N-acetylgalactosamine monosaccharides loaded on the column resulted in a signal to noise ratio of 10 or higher. The limits of detection (LOD) were determined by the stepwise dilution of a 0.1 pg/L solution mixture of the alditols until the signal to noise ratio was close to 3. Accordingly, LOD of glucose, galactose, mannose, and GlcNAc was determined to be 1 pg, while that of xylose, fucose, and GalNc was 1.5 pg. The LOD of sialic acids was determined to be 5 and 10 pg for NeuAc and NeuGc, respectively. These LODs are significantly lower than what has been previously reported [55, 56] .
Since the main thrust of this study is to determine monosaccharide composition from small quantities of proteins, a mixture of the monosaccharides at varying concentrations (see the Experimental section) was subjected to acid hydrolysis conditions identical to that used to release the monosaccharides from their respective proteins. Figure 4 depicts the MRM chromatogram of a 100 pg/L mixture of the seven predominant aldose monosaccharides found in glycoproteins subjected to strong acid hydrolysis and reduction to alditols. Overlaid on this chromatogram is the chromatogram for a mixture of the sialic acids NeuAc and NeuGc subjected to mild acid hydrolysis. It should be noted that the sialic acids did not require reduction because the stereochemistry on their anomeric carbon is fixed due to steric effects, and since their release from glycoproteins requires only mild acid hydrolysis, they were analyzed separately. Tables 1 and 2 summarize the method validation data for the quantification of monosaccharides commonly associated with glycoproteins. Table 1 summarizes the calibration standards' method validation data for NeuAc and NeuGc, which have been subjected to mild acid hydrolysis, while Table 2 summarizes the data for the neutral monosaccharides, which have been subjected to strong acid hydrolysis. The accuracy of the method is calculated as the ratio of the mean experimental concentration to the theoretical concentration, while the precision is expressed as the coefficient of variation of the peak area ratios of analyte to internal standard for three replicate measurements. The data in Table 1 are analytically acceptable over the calibration concentration range of the analytes with accuracies approaching 100%, and precision (% CV) of less than 10%. The data in Table 2 are also satisfactory except at the lowest calibration point of 1 pg/L for glucose, xylose, and GalNc where the precision (% CV) is a little high. This is because this value is below the limit of quantifications listed in Table 3 . The calibration curve data for all analytes that were used to calculate the monosaccharide composition of the proteins are summarized in Table 3 . Ten calibration points were used to construct each curve. The table also lists the retention time values, as well as the LOD and LOQ for each analyte. The linearity of the calibration curves was maintained up to a concentration of 3 ng/L for each analyte, and the LOD for the analytes are higher than what is determined in neat water solutions (data not shown). This discrepancy is mainly due to losses originating from acid hydroly- The mixture has been subjected to strong acid hydrolysis followed by reduction. Overlaid is the chromatogram of a 100 pg/l mixture of the sialic acids NeuAc (h) and NeuGc (i) that has been subjected to mild acid hydrolysis. From the linear least-squares regression of the standard line using all points (n ϭ 3) at all concentrations. sis. The mild acid hydrolysis procedure did not have an effect on the recovery of NeuAc and NeuGc, with percent average recoveries calculated slightly higher than 100% for both analytes (Table 3 ). In contrast, the strong acid hydrolysis procedure had a drastic effect on the recovery values for the other monosaccharides, with the smallest recovery values reported for N-acetylglucosamine and N-acetylgalactosamine (Table 3). This is expected since they might not get completely re-acetylated with acetic anhydride, or they might undergo other side reactions during the re-acetylation and reduction steps. However, quantification problems that could arise from the poor recovery values for some of the monosaccharides following the strong acid hydrolysis procedure were diminished by subjecting all analytes in each calibration solution to the same acid hydrolysis procedure as the samples themselves (Table 3) .
Method Validation
Compositional Analysis of Model Glycoproteins
The aforementioned approach was validated using model glycoproteins, including fetuin, ribonuclease B, peroxidase, and ␣ 1 -acid glycoprotein human (AGP). The monosaccharide composition of a 1-g aliquot for each model glycoprotein was determined in replicates of three. The MRM chromatograms for the sugars present in each of these proteins are shown in Figure  5a -d, and the results are summarized in Table 4 . Quantification problems associated with poor recover- Neutral standards were subjected to strong acid hydrolysis, while sialic acids (NeuAc and NeuGc) were subjected to mild acid hydrolysis. Standard deviation of retention time in parenthesis. c x is the concentration in pg/L and y is the ratio of peak areas between analyte and IS. ies of monosaccharides following the strong acid hydrolysis procedure are contained by subjecting all analytes in each calibration solution to the same acid hydrolysis procedure as the samples themselves (Table 3) . It is interesting to remark that glucose (peak d) was found in each of the chromatograms in Figure 5 even though it is not a constituent of any of the glycoproteins studied here. The amount of glucose did not vary significantly among the different glycoproteins, suggesting its presence as a major impurity. This is not surprising, considering the ubiquitous nature of glucose and its nonenzymatic attachment to proteins (glycation). However, since the glucose peak is separated from its diastereomers at analytically adequate resolution, its presence does not affect the quantification of the other monosaccharides. The measured values using the LC-MRM method described here are consistent with literature values with the exception of mannose for ribonuclease B and peroxidase, which was measured to be lower than the reported literature values (Table 4) . However, these literature values are based on only two references, and the amount of monosaccharides in glycoproteins is known to vary between protein lots. To verify our results, the monosaccharide composition of ribonuclease B and peroxidase was measured using CE-LIF on 10 g of protein following APTS labeling ( Table 4 ). The CE-LIF determined values confirm our results for mannose using this LC-MRM study (Table 4) . However, the approach described here is 10 times more sensitive than CE-LIF, since it has the ability to determine the monosaccharide composition of glycoproteins using only a 1-g aliquot. All other procedures require 5 to 50 times more glycoproteins to make the same determination.
Conclusion
The monosaccharide composition of a glycoprotein is commonly required to fully understand its biological roles. Most of the methods that are commonly utilized to attain this goal are based on matching retention or migration times and do not involve MS. A rapid and very sensitive method for the simultaneous quantitative analysis of neutral and acidic monosaccharides associated with glycoproteins is demonstrated in this paper. It represents the first example of using LC/MS methods to simultaneously quantify all common glycoprotein monosaccharides. The method is based on the LC MS/MS of the acetate adducts of reduced monosaccharides. Detection limits as low as 1 pg of monosaccharide were achieved. The method was applied to determine the monosaccharide composition of a 1-g aliquot of four model glycoproteins; demonstrating at least a five-time improvement in sensitivity. Results are consistent with previous literature values and with independent CE-LIF measurements. This method represents an advancement in high sensitivity carbohydrate analysis and is an attractive alternative to current methods commonly utilized for carbohydrate compositional analysis.
